This study aimed to investigate the patterns of use of antidiabetic medication among patients with newly diagnosed type 2 diabetes mellitus (T2DM), focusing on the comparison in glycemic control between sulfonylureas and metformin.
Background
During the past 30 years, the prevalence of type 2 diabetes mellitus (T2DM) has significantly increased in China as a result of lifestyle changes, urbanization, and increased life expectancy [1] [2] [3] . According to current data from the International Diabetes Federation, China had 114.4 million adults with diabetes in 2017 [4] .
T2DM is characterized by progressive loss of pancreatic beta cell function, and serious complications can arise due to poor control of blood glucose levels (hyperglycemia) [5] [6] [7] . Guidelines developed by the Chinese Diabetes Society (CDS) recommend that the target levels for fasting blood glucose (FBG) that indicate disease control should be between 4.4-7.0 mmol/L [8, 9] . To achieve and maintain the target blood glucose levels, progressive treatment strategies commonly used in newly diagnosed T2DM include lifestyle changes, and pharmacotherapy when lifestyle interventions fail to control blood glucose levels. First-line pharmacotherapy is commonly used with the oral antidiabetic drug (OAD), metformin, with sulfonylureas used for patients who have contraindications for metformin treatment.
However, some cross-sectional studies have indicated that the use of first-line antidiabetic pharmacotherapy in China does not comply with current evidence-based management guidelines [10, 11] . The prevalence of patients with T2DM on sulfonylurea monotherapy in China is up to 40%, which is much higher than that in Europe [12, 13] , and in the USA [14] . In China, the low body mass index (BMI) and high FBG level may contribute to the high prevalence of sulfonylureas use [15] . However, baseline data for newly diagnosed patients with T2DM from previous cross-sectional studies have not provided sufficient information on antidiabetic drug use patterns over time, including drug initiation and modification patterns, and glycemic control after starting antidiabetic therapy. Also, the situation of clinical inertia in diabetic management commonly exists, which is defined as the failure to escalate treatment to achieve blood glucose targets [16] , but little is known about this phenomenon in China. However, clinical information that reflects the management of T2DM in real-world settings is of help in making clinical decisions and for making public health policy to improve the quality of future diabetes management.
Therefore, the aim of this cohort study was to investigate the patterns of use of antidiabetic medication in patients with newly diagnosed T2DM, focusing on the comparison in glycemic control between sulfonylurea and metformin treatment. Data from the Yinzhou Regional Health Care Database were analyzed from patients newly diagnosed and treated for T2DM between 2011 and 2014.
Material and Methods
The data source for patients with type 2 diabetes mellitus (T2DM) Data were extracted from the diabetes management database that was part of the Yinzhou Regional Health Care Database [17] . Yinzhou is the largest district in Ningbo City, an eastern coastal city in China, with a relatively stable population of nearly 1.2 million inhabitants. In 2008, the Center for Disease Control and Prevention (CDC) of Yinzhou District began to routinely collect the information of diabetic patients, including name, age, sex, diabetes type, date of first diagnosis, family history, body mass index (BMI), blood pressure, fasting blood glucose (FBG), and glycated hemoglobin (HbA1c).
Once the patient information had been recorded, community physicians followed up the patients at least four times a year. At each follow-up, the community physicians measured the patient's blood pressure, FBG, and HbA1c, and recorded their smoking history, alcohol intake, and antidiabetic drug use patterns since the last follow-up. When the FBG was >7.0 mmol/L, community physicians considered increasing the drug dose or adding another drug. Until the end of December 2015, 31,932 patients with diabetes mellitus were included in the diabetes management system. The Peking University Health Science Center Ethics Committee approved this study with a waiver of informed consent.
Study population
The study included patients aged ³18 years who were newly diagnosed with T2DM and initiation of antidiabetic pharmacotherapy between 01/01/2011 and 12/31/2014. Patients who had been on any antidiabetic pharmacotherapy before entering the diabetes management system were excluded. Follow-up began from the date of the patient starting drug treatment for diabetes until the occurrence of an outcome of interest, the end date of enrollment in the diabetes management system, the date of death or the date of 12/31/2015, whichever occurred first.
Data recording
The FBG measurements at baseline and at each follow-up were recorded in the diabetes management database. 2 ) [18] . All drugs recorded during the follow-up were coded using the Anatomical Therapeutic Chemical (ATC) classification system.
Drug use modifications and uncontrolled blood glucose
Periods of longer than 180 days without any antidiabetic drug use was considered as drug discontinuation. Receiving a new antidiabetic drug after a discontinuation was defined as a restart. Addition was defined as any other classes of antidiabetic drugs, including both oral antidiabetic drugs (OADs) and insulin, being added to previous pharmacotherapy. Switching occurred when patients discontinued previous antidiabetic drugs with the concomitant initiation of other antidiabetic drugs. Reduction was defined as discontinuation of at least one but not all of the antidiabetic drug classes used previously. Discontinuation, addition, switching, or reduction of drugs was defined as drug use modifications. Uncontrolled blood glucose was defined as any FBG value >7.0 mmol/L.
Statistical analysis
Baseline characteristics of included patients were descriptive and included the mean and standard deviation (SD), or the median and interquartile range (IQR) for continuous variables, and proportions were included for categorical variables. For patients who were initially treated with metformin and initially treated with sulfonylureas, the baseline characteristics were compared and changes in medication patterns were described. The standardized mean difference (SMD) was used to evaluate the baseline characteristics between the two groups. An SMD <0.1 indicated a negligible difference between the baseline characteristics between the treatment groups [19] . Kaplan-Meier survival curves were plotted to describe the time to the first drug addition. Cox regression analysis was used to determine the association between initial treatment with sulfonylureas and metformin and the requirement for additional medications. Hazard ratios (HR) were calculated in an unadjusted model and in a full model that simultaneously adjusted for gender, age, BMI, duration of diabetes, and FBG. In the time-to-event analysis, drug discontinuation and drug switching were considered as censoring. The proportional hazards assumption was assessed by the Schoenfeld residuals plot. Since non-proportional hazards were observed, a time-partitioned analysis was conducted, and the follow-up period was partitioned at 800 days after drug initiation when the pattern of first drug addition changed (identified through the cumulative incidences).
The Poisson probability distribution was used to determine the rate ratio (incidence density ratio) of uncontrolled hyperglycemia between sulfonylureas and metformin. Potential confounders in the adjustment model were the same as those accounted for in the above Cox model. In this analysis, patients with baseline uncontrolled blood glucose were excluded. All statistical analysis was conducted in R version 3.3.2. A P-value of <0.05 was considered to represent statistical significance.
Results

Characteristics of patients with type 2 diabetes mellitus (T2DM) and initial antidiabetic treatment
This study included 4,017 patients with newly diagnosed T2DM. The study design and patient inclusion process are shown in Figure 1 . The baseline characteristics of the patients at diagnosis are shown in Table 1 . The study population was equally divided between men and women and the mean age was 61.44 years. The median follow-up time was 838 days. The mean fasting blood glucose (FBG) value of the patients before initiating pharmacotherapy was 8.51 mmol/L.
Patients who began treatment for T2DM with monotherapy, dual therapy, triple or multiple therapies were 69.98%, 27.46% and 2.56%, respectively (Table 1) . These three groups differed in gender, age, FBG, body mass index (BMI), and duration of diabetes (Table 2) . Among monotherapy, sulfonylurea treatment ranked first (33.58%), followed by metformin (20.41%). These two oral antidiabetic drugs (OADs) were most commonly used For patients who were treated with dual therapy, the combination of metformin and sulfonylureas were most widely used (13.84%). The combinations of insulin and one OAD were used by 53 patients (1.32%) and their FBG level was significantly higher compared with patients receiving two OADs, 10.92 mmol/L (95% CI, 9.42-12.43) versus 9.11 mmol/L (95% CI, 8.91-9.31).
Changes in treatment patterns for patients who began monotherapy with metformin or sulfonylurea
As the initial monotherapy, metformin and sulfonylureas were prescribed for 820 and 1,349 patients, respectively. The baseline characteristics comparisons are shown in Table 3 . Baseline characteristics, BMI and FBG were unbalanced between the two groups. Figure 3 shows the first and second drug modifications for patients who initially received metformin or sulfonylureas. The median follow-up duration was 458 days, and 44.51% of the 820 patients initially treated with metformin remained on metformin without any drug modification throughout follow-up, 14.88% switched to other drugs, and 22.68% received a second drug added to metformin. With switching or n (Total=4,017) Uncontrolled blood glucose in patients who began monotherapy with metformin or sulfonylurea
The 725 patients without uncontrolled blood glucose at baseline were included in the Poisson regression model, including 298 patients in the metformin group and 427 patients in the sulfonylureas group. The crude rate ratio (incidence density ratio) of uncontrolled hyperglycemia between sulfonylureas and metformin was 1.33 (95% CI, 1.20-1.48). After adjustment for BMI and FBG, the rate ratio was 1.30 (95% CI, 1.17-1.45).
The first drug additional drug required in patients who began monotherapy with metformin or sulfonylurea
The probability of receiving the first drug addition over time for both sulfonylureas and metformin initiation groups are shown in the Kaplan-Meier survival curves in Figure 4 . The crude hazard ratio (HR) of sulfonylureas compared with metformin was 0.87 (95% CI, 0.73-1.05). After adjusting for the BMI and FBG, the hazard ratio over the whole period of follow-up was 0.82 (95% CI 0.68-0.99). In the time-partitioned analysis, the adjusted HR during the first 800 days after drug initiation was 0.84 (95% CI, 0.69-1.03) and the adjusted HR after the first 800 days was 0.66 (95% CI, 0.37-1.17).
Metformin initiation N=820 (%)
Sulfonylurea initiation N=1349 (%) SMD
Discussion
In this study, the initial treatment patterns for new-onset type 2 diabetes mellitus (T2DM) were analyzed. Almost 70% of patients who began antidiabetic treatment with monotherapy were treated mainly by sulfonylureas, followed by metformin. Patients who began drug treatment with dual therapy had higher fasting blood glucose (FBG) levels compared with patients with initial monotherapy. During follow-up, almost 40% of patients changed their initial treatment patterns in both the sulfonylurea and metformin monotherapy groups. The findings of the study showed that patients who began sulfonylurea monotherapy were 30% more likely than patients who began metformin monotherapy to develop uncontrolled diabetes but were 18% less likely to receive an additional drug.
Sulfonylureas were by far the most commonly used initial antidiabetic drug therapy used in the Yinzhou District in Ningbo City, and the prevalence of initial usage of sulfonylureas remained unchanged from 2011 to 2014. These findings are supported by those of other studies conducted at communities in other cities in China after 2011 [20, 21] . These findings do not conform to the clinical guidelines developed by the Chinese Diabetes Society (CDS) released in 2010, in which metformin was recommended as the first-line drug treatment, with sulfonylureas as an optional first-line drug for patients with renal or hepatic insufficiency, serious infections, hypoxia, or for patients undergoing major surgery [9] . This inconsistency may indicate problems with non-adherence of community physicians to the guidelines, but it may also be explained in part by the baseline FBG levels and patient body mass index (BMI). Patients who initiated treatment with sulfonylureas had higher mean FBG values before initiation of pharmacotherapy and they started treatment earlier than patients who initiated treatment with metformin after being newly diagnosed with diabetes. The findings might imply that patients initially treated with sulfonylureas represented more severe cases and required a more effective glucose lowering agent, sulfonylureas rather than metformin, to achieve a rapid therapeutic response. However, patients who began metformin monotherapy had a higher prevalence of being overweight and of obesity than patients who began sulfonylurea monotherapy, which indicated that the risk of weight gain was a major concern of physicians in not choosing sulfonylureas as first-line therapy for patients with an increased BMI. However, sulfonylureas used at Yinzhou District were mostly gliclazide (88.42%), glipizide (5.59), and glimepiride (5.59%), which were not likely to put patients at an increased risk of weight gain [22] [23] [24] . As shown by the use of sulfonylureas in clinical practice, the risk of weight gain should not be a concern when initiating sulfonylureas treatment for overweight and obese patients [25] .
The findings of the present study showed that patients starting pharmacotherapy with sulfonylureas had a higher rate of developing uncontrolled blood glucose levels compared with patients who commenced pharmacotherapy with metformin before adding a second antidiabetic drug, as is shown in the Poisson regression model. However, the use of a second antidiabetic drug, for patients with uncontrolled blood glucose levels, were less likely used among patients who began sulfonylurea monotherapy, even if initiation of treatment tended to be delayed. The associations of initial treatments (sulfonylureas versus metformin) with uncontrolled blood glucose and the first drug addition were both independent of BMI, FBG, age, gender and duration between diagnosis and initiation of pharmacotherapy. The findings that patients who began sulfonylurea monotherapy had worse glycemic control but decreased the probability of the use of second drugs compared with patients who began metformin monotherapy, supported the phenomenon of clinical inertia [26] , which was more significant in the sulfonylurea group than in the metformin group. The clinical inertia that occurred in sulfonylurea initiation group was probably because sulfonylureas dose adjustment may precede a drug addition when treatment modification was needed. Sulfonylureas had a wider dosage range for dose adjustment than metformin so that dosage adjustment could be done before another antidiabetic drug was added. In the present study, most patients started using low-dose sulfonylureas. When uncontrolled blood glucose occurred in these patients, dosage adjustment was first considered. While around one-third of patients received dosage adjustment, their blood glucose remained uncontrolled. This finding indicated that the dose adjustment was inappropriate and an additional drug was not timely, possibly due to the lack of sufficient clinical experience of community physicians, or because of concerns regarding hypoglycemia [27] .
To our knowledge, this was the first study using longitudinal data to explore the patterns of use of antidiabetic drugs in China. The present study has two main strengths. First, it provided longitudinal data on the use of antidiabetic drugs, which overcame the limitations of the cross-sectional data provided by most previous studies in China [10, 11, 28] . Second, the study included data on FBG for patients at each follow-up, which allowed evaluation of the association between drug utilization patterns with glycemic control conditions over time, which was 
